Single-cell analysis of neurodevelopment in Huntington’s disease
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The study of the embryonic development of specific regions of the brain can provide valuable insights
into the molecular mechanisms that underlie their formation and function, with potential implications for
neurodegenerative disease research. However, the development of some regions, such as the
striatum, is yet to be fully characterized. Single-cell and single-nuclei RNA sequencing technologies
offer a great opportunity to study developmental transcriptomic events of this region, which plays a
critical role in Huntington's disease (HD). Here we develop a computational pipeline to integrate single-
cell and single-nuclei RNA sequencing data at different developmental stages to gain insights into
alterations during development in HD.

Obtaining enough cells for sequencing from such regions in embryonic stages can be challenging and
may require pooling tissue from multiple animals of different sexes adding variability to the sequencing
data. We propose a probabilistic approach to determine the sex of the individual cells in mixed
populations, enabling the inclusion of this variable in downstream modeling. To integrate the different
modalities, we explicitly correct for technical biases in the data and use canonical correlation analysis
to find a common representation that maximizes the covariance across datasets. Upon integration of
the data, we perform various analyses, including composition analysis to determine the enrichment or
depletion of certain cell types as well as differential expression analysis to determine genes that are
dysregulated in HD. For the former, we develop a composition analysis framework based on
generalized linear models that allows us to properly control for possible confounders.

This work demonstrates the utility of computational analysis of transcriptomics data to gain insights
into alterations during embryonic development in HD. The proposed pipeline can be applied to other
brain regions and developmental stages to provide further insights into the molecular mechanisms
underlying neurodevelopmental and other neurodegenerative diseases.
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